Abstract. This paper deals with the design of an advanced control law by backstepping with an observer for a special class of nonlinear systems. We design an observer with a single adjustment gain as a function of speed. Our contribution is developed by demonstrating a nonlinear control law by backstepping using the global Lyapunov stability of the controller, the nonlinear observer and the induction motor. We study the behavior of the torque tracking and the rotor flux of the induction motor in the natural frame (α,β) 
Introduction
Induction motors are nonlinear, coupled, multivariable process. Nevertheless, they become more and more appealing because of their reliability, robustness and low cost or maintenance [3] . We built a globally stable nonlinear control law with real effectiveness for the adopted strategies and we describe a speed dependent observer. We based the initial strategy on backstepping control. Here we design the observer based on a nonlinear control law in order to ensure the globally stability of the process observercontroller system. The main contributions of the paper are the following: First, we propose a new observer modified for a special class of nonlinear systems applied to the induction motor [1] . Secondly, the model is nonlinear in the frame , without making the FOC. Third, the demonstration of global stability (system-controller-observer). Lastly, intensive simulations in different conditions are performed to show that the general strategy proposed is very satisfied.
We organize the paper as follow: we present in Section 2 the induction motor model. In Section 3, we present a nonlinear observer, an application to the induction motor, the control algorithm and the global stability proof. In Section 4, we give simulation results and comment on them with implementation in Matlab-Simulink.
Modeling of the induction motor
The model used is a classical induction model of Park in a frame , fixed to stator, given by [1] :
(1) with:
, , , , , , Here contains four electrical states (flux and currents components, respectively , and , ) and one mechanical state governed by a mechanical equation. The motor is driven by two voltage components, and . We define the control input matrix by 1 0 0 0 0
where , , are rotor, stator and mutual inductances, respectively, and are the rotor and stator resistances respectively, is the scattering coefficient, is the time constant of the rotor dynamics, J is the rotor inertia, is the mechanical viscous damping, is the number pole pairs, is the external load torque.
Nonlinear control with globally stability
We can solve the global stability problem using global tools such as Lyapunov function. In this section, we first design an observer. It is an observer for a special class of nonlinear system applied to the induction motor and enriched for a further analysis. Secondly, we design a control law. We base this control la on backstepping control and we modify it in order to ensure global stability. We then establish global stability using a Lyapunov function.
Backstepping control
Consider the system:
Where ∈ is the state and ∈ is the control input. Let , 0 0 be a desired feedback control law, which, if applied to the system in (3), guarantees global boundedness and regulation of to the equilibrium point 0 as → 0, for all 0 and is a control Lyapunov, where:
Consider the following cascade system:
We assume that both , , and are known. This system can be viewed as a cascade connection of two components, as shown in figure (1) , the first component is (5) , which as input, and the second component (6) . Where for the system in (5), a desired feedback In addition, a control Lyapunov function are known. Then, using the nonlinear bloc backstepping theory in [2] - [8] , the error between the actual and the desired input for the system in (5) can be defined as , and an overall control Lyapunov function , for the systems in (5) and (6) can be defined by adding a quadratic term in the error variable with :
Taking the derivative of both sides gives:
From which solving for , , which renders , negative definite, yields a feedback control law for the full system in [5] - [7] - [9] . One particular choice is [2] : (10) , , 0
Application to asynchronous motor
We are applied backstepping control (see Fig. 2 ). Step 1:
We define and respectively represent the error between the actual speed and the reference speed and the error between the module of the flux and its reference.
where The first Lyapunov function is chosen as follows:
Its derivative is:
For 0 must select reference components of currents representing stabilizing functions as follows:
where , : positive constants
Step 2:
We define other tracking errors concerning the components of the stator current and reference
The final Lyapunov function is given by: In this section, based on extensions of the observer design strategy to the multi-output case [4] and the application to the induction motor, we propose a new observer with nonlinear terms. We are going to apply the result given in the preceding part to construct a full order observer for an induction motor written in the , frame [5] . The proposed observer uses the measurements of the stator voltage and current, and the rotor speed. More precisely, we design the observer up to an injection of the speed measurements so that only the electrical equations are considered. First, we define
̂ ̂
Where , and real states, estimated and observation error vectors respectively. We show the diagram block of this observer (see Fig. 3 ).
We will show now overall stability of the entire member constituting the total control system to know the motor, the observer and controller since the separation cannot be generalized to the nonlinear system that the motor is a nonlinear system and coupled. Call was made to the Lyapunov function to prove stability.
Control Algorithm
We will define a Lyapunov function between the motor and the observer and other Lyapunov function between the motor and controller as: ̃ ̃ 2 2 Therefore the Lyapunov function of all Its derivative is:
is then a Lyapunov function for the overall system. Consequently, the whole process is stable and the convergence is exponential. We ensure flux, speed and torque tracking.
Results and simulations
We used a first-order filter after each time derivative in order to eliminate the large amplitude of the pulses produced by the derivatives; we placed a filter of the first order of unity gain and of fast time constant so as not to influence it on the behavior and shape of the signal that is derived.
We design the general block diagram as shown (see Fig.  3 ) In addition to that; we perform a simulation with MatlabSimulink by using the Benchmark (see Fig. 4 ) and the motor parameters in Table 1 [6]. Fig. 4 ) reveals the following profile: a rise in speed, a load, inversion speed and a load in recovery, and a return at a low speed. It is placed after each impulse derivative in order to eliminate the large amplitudes of the pulses produced by derivatives, we have placed a filter of the first order of unity gain and of fast time constant 0.008s so as not to eliminate it, Influence on the behavior and shape of the derived signal. We have used first-order filter (see Fig. 5 ). 
Torque
We note that the drive torque follows the load torque when the speed is constant. During an increase or decrease in the speed, a difference of 4Nm appears between the two torques, (see Fig. 6 ). 
Stator current norm
We show the plot of the norm stator current in (see Fig.7 ). The norm of the current is equal 3. 8.3 9 s, the norm is minimal and equal to 2.3A. In this phase, the speed is constant and the load torque is zero. The amplitude of the current reaches a maximum value of 4.7A at 1.5 2.5 s because the load torque of 7 Nm appears at that point. Speed remains always constant. Therefore, the behavior of the norm of the stator current is normal. 
Stator voltage control
The three stator control voltages follow the profile of the norm current, except if speed varies linearly. Their amplitude varies in the same propositions, (see Fig. 8 ) and their shape for each time interval, has a normal physical relationship with a speed, motor torque, stator current and control voltage. 
Speed and flux errors tracking
We note a good tracking by looking at the two errors of observation and regulation ; (see Fig. 9 , 10, 11, 12). During an increase or a decrease in the speed of 0.3 rad/s is observed. 8 .6094 Ω and 9.65; 16.4050; 18.30 Ω, i.e. an increase by 20% and 70% and 100%. In the error curve tracking flux (see Fig. 10, 11, 12) , we note the appearance of the waves at time 4.4 and 8 because the induction motor not observable in zero speed, moreover variation of and . The greater the variation in the and , increased the amplitude of waves. 
Simulation results
The simulation was done by software MATLAB-Simulink. The diagram gives the simulation algorithm; (see Fig. 3 ) which shows the closed loop global system, asynchronous motor, the backstepping controller that represents the nonlinear control and the nonlinear observer this one gain control .
The results simulation have been chip for 10 and for a variable load torque, as shown by the load torque (see Fig. 3 ). The " Fig." 10, 11 and 12 respective the variable of rotor and stator resistance. The comment for each curve is presented as follows:
For load torque
We notice a good and logical behavior of the motor torque .
For ∈ 0 1 s: the speed is a line of constant slope and no load torque. For ∈ 1 1.5 s: the speed is constant and its load torque and no variation in the behavior is normal. For ∈ 1.5 2.5 s: the speed is constant and but there is load torque Γ 6.5 . and no variation of resistance. The motor torque follows the load torque during this interval, the behavior is normal. For ∈ 2.5 3.5 s: the speed is constant without load torque Γ 0 . , the motor torque almost cancels out this error is due to the motor torque. For ∈ 3.5 4.2 s: the speed decreases, its slope is negative, the load torque is zero Γ 0 . , the motor torque changes the direction of rotation to become negative, which translates the normal behavior. At the point 4.2 and around it we speak of low speed, it is a singular point are almost discontinuous, and continues the process of the system. For ∈ 4.2 5 s: the speed passes through Ω 0tr/s and changes sign (sense) to become negative (a negative slope), the motor torque also changes direction and becomes negative, which is normal. For ∈ 5 7.5 s: the speed is constant with a zero slope Ω 0 and Ω 0 . The motor torque follows the load torque from 5.5 to 6.5 . For ∈ 7.5 8 s: the speed changes sign and start to become an acceleration Ω passing through Ω 0, the motor torque also becomes positive and its behavior follows the evolution of the speed which is normal. For ∈ 8 9 s: the speed is zero, the motor torque is zero also in the absence of the load torque.
Conclusion
We have presented two contributions in this article. The first is the use of the dynamic model in the frame of the asynchronous motor, model approximated. The second is the demonstration of the overall stability of the system composed of the asynchronous motor (nonlinear coupled system) and multivariable of the observer with a single adjustment parameter (which also nonlinear) and the controller which used the backstepping, to produce a nonlinear control law. We used the Lyapunov function, which involves the errors of the current, flux and their variable in square form to approach a form of energy.
We have disturbed the rotor and stator resistors in order to show the robustness of this control and the good estimate of the observer and the results were conclusive. Abdelkader CHAKER : Pr., ENSET, Department of Electrical Engineering, Oran, Algeria, 31100, E-mail: chekeraa@yahoo.fr.
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